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Abstract: 
·~.An attempt was made to synthesize diethyl 7-dimethyl- 
silabicyclo [2.2.1) hepta-2,5-dione-l,4-dioate by reacting 
dimethyldichlorosilane with the dianion of 1,4-dicarbethoxy- 
2,5-cyclohexadione. 
The products formed in the reaction were silicones and 
0-silylated polymeric materials. If any of the desired 
product was formed, it was not detected. 
iv 
1 
INTRODUCTION 
Many trimethylsilyl derivatives of enolizable carbonyl 
compounds have been prepared. Gilman (1), the first to 
prepare these compounds, deduced an 0-silyl-enol structure 
- from the chemical behavior of the compounds. West(2,3), 
with the use of infrared spectroscopy has shown that tri- 
ethylsilyl derivatives of ethyl acetoacetate have the 0- 
silylated structures I and II instead of the C-silylated 
structure III. 
I UI 
Hance and Hauser(4) have prepared the trimethylsilyl 
derivatives of ethyl acetate using sodium triphenyl 
, 
methide as the base. They claim that the reaction gave 
the c-silylated products rather than the 0-silylated 
products. Kruger and Rochow(S) have prepared many tri- 
methylsilyl derivatives where in nearly all cases the o- 
silylated derivative was favored over the C-silylated 
derivative. When they silated ethyl acetate, they 
obtained 22% 0-(trimethylsilyl)-O- ethyl ketene acetal and 
14t ethyl (trimethylsilyl) acetate. Kruger and Rochow 
indicate that these results are contrary to the results 
2 
of tpe work done by West. The indications are that there 
is still much uncertainty in many cases as to whether 0- 
silylated products are favored over C-silylated products. 
The present study was undertaken to see if diethyl 
7-dimethylsilabicyclo [2.2.1] hepta-2,5-dione-l,4-dioate 
could be prepared by reacting dimethyldichlorosilane 
(DMDCS) with the dianion of l,4-dicarbethoxy-2,5-cyclo- 
hexadione IV. 
A similar reaction has been used to prepare bicyclooctanes 
(6). 
Compound V could possibly.be used as an anesthetic, 
as a monomer in the preparation of a thermally stable 
polymers, or as a precursor in the comparative study of 
,. 
rates of hydrolysis of 1,4-dichloro-7-dimethylsilabicyclo 
[2.2.1] heptane and 1-chlorobicyclo [2.2.1] heptane. Struc- 
tures similar to V have been prepared (7,8) by the Diels 
Alder reaction, but the addition of a dimethylsilyl group 
across a dianion would offer another approach. Since a 
solid, melting over 250°C was obtained in the initial 
3 
stru~ture Voran unexpected quite stable polymer had been 
synthesized from the dianion IV (9). 
4 
EXPERIMENTAL 
Preparation of the 1,4-Dianion of l,4-dicarbethoxy-2,5- 
cyclohexadione IV: Prepared as described by Roberts, 
and Moreland and Frazier. ((EJ. 
Absolute ethanol (150 ml.) was distilled from calcium 
hydride into 9.2 g of freshly prepared sodium slices. 
When all of the sodium had reacted, 34.8 g of diethyl 
succinate was added and the mixture was refluxed for 14 
hrs. The excess ethanol was distilled off using a stream 
of dry nitrogen and the flask was heated to about 1so•c 
in an oil bath at 5-10 min. The reactions taking place 
are: 
I. Ca 1-1.s-C> H +- Ho. ~ No.e:>c~ /.Jr + H % 
0 0 f I~ 
2- No..OC~U.s 1- c~11,.o:!-c11;,cfl;aCOCaHs _..,. Call.s-C.-cHC.Jl3 COC;H.>..,.. C~/.l.r011 
'=) "'°' ... 
3- - 
Attempted Synthesis of diethyl 7-dimethyl-silabicyclo 
[2.2.1] hepta-2,5-dione-1,4 dioate (V): 
Reaction I: Dimethyldichlorosilane (DMDCS) (100 ml., 0.8 
5 
moles) was slowly added to dianion IV. White vapors were 
give~ off and the flask became hot. The mixture was re- 
fluxed for three days at a temperature of 74°C. The 
excess DMDCS was distilled off using a silicone oil bath 
at 100-130°C. When all the liquid was removed, the mix- 
ture was evacuated at 4 mm and heated at about 100°C for 
four hours. The resultant solid product was tan in color 
with black gummy pieces. 
Reaction II: Reaction I was repeated except that the 
solution upon addition of the dimethyldichlorosilane was 
refluxed only 12 hours. The appearance was the same as 
in Reaction I. 
Reaction III: Trimethylchlorosilane was used for the 
silating agent. The reaction was run under the same con-, 
ditions as in Reaction I but less heat was evolved and 
no white fumes were seen. The reaction mixture was re- 
fluxed overnight and the product was tan in color with 
no black material present. 
Reaction IV: This reaction was run under the same condi- 
tions as in Reaction III but both the dianion and the 
trimethylchlorosilane were mixed with benzene before 
the start of the reaction. The solution was refluxed . 
for only two hrs. and the solution was kept cool (34- 
0 36 C) with an ice bath upon the addition of trimethyl- 
chlorosilane. Again, a tan material was formed with 
no black material present. 
. I 
6 
7 
ANALYTICAL METIIODS 
Nuclear Magnetic Resonance Spectroscopy (NMR): 
The NMR spectra was run on a Varian T-60. All 
samples were rtm using an external TMS reference. 
Except where stated otherwise, tihe samples were run as 
concentrated as possible in cc14• In sonie cases, not 
enough sample could be obtained to run with the standard 
NMR tube. This was especially true with the vapor phase 
chromatography separations. In these cases the samples 
were placed inside a melting point capillary tube and 
then placed into the NMR tube containing a few inches of 
CC14• The poor resolution obtained with some of the NMR 
runs was probably due to their polymeric structure. 
Infrared Spectroscopy (IR): 
All of the infrared samples were run as thin films 
prepared under a flow of dry nitrogen. Samples which 
were too volatile to run under these conditions were not 
of interest to this project and eith~f their spectra were 
not run or if they were run they showed very little absorp- 
, 
tion due to loss of sample. 
8 
In all cases the samples had to be kept free of 
mqisture since many 0-silylated compounds are hydrolyti- 
cally unstable and hydrolysis could yield the carbonyl 
compound, a silanol or a disiloxane. The IR spectrum 
of dimethyldich~orosilane, trimethylchlorosilane and 
two spectra which show typical silicon absorptions are 
included (Fig. 1-a, 1-b). 
Mass Spectroscopy: 
All mass spectrographs were obtained using a Jeol 
Mass Spectrograph (JMS-01-SC). In most cases the mass 
spectra data were not very useful because at 75ev. the 
molecular ions of most silylated compounds are weak or 
nonexistant due to the ease of fragmentation. A list of 
several common mass spectrograph fragments of the tri- 
methylsilyl group is included (Fig. 1-c). 
Vapor Phase Chromatography (VPC): 
The VPC was programmed to begin at 80cC and to in- 
crease to about 270~C over a period of about 30 min. The 
six strongest peaks were collected beginning and ending 
each collection on the straight parts of the curves to 
assure pure samples. 
, An Aerograph 1520 vapor phase chromatograph with 
a 3/8 in.-3 ft., 30% SE-30 on 30-60 Chromosorb W 
. column was used.· The injection part was 255°C and the 
• detector (hot wire) was 285 C. 
9 
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Figure 1-c 
Common Mass Spectrograph Fragments: 
30s1 
31 
45 
(SiH3)+ 
(SiCH)+ loss of CH3 
47 (OSiH3)+ 
61 (OSiCH5)+ addition of oxygen 
75 (OSiC2H7)+ 
43 (SiCH3)+ 
44 (SiCH4)+ 
45 (SiOH)+ & (SiCH5)+ , 
46 (SiCH6)+ 
47 (SiOH3) + 
~w,h 
I 
~ - s, 
/ '\ 
207 (H1c)1.$1 /o ~-/. 'o- s. 
/ "c. w .3 
281 addition of -OSi(CH3)2 - to 207 
355 addition of -OSi(CH3)2 - to 281 
11 
Results and Discussion 
• Fig. 2 shows an NMR spectrum of a substituted bi- 
cyclooctane. The compound sought after in this in- 
vestigation should have a similar spectrum with a silyl 
methyl absorpti~n around 0 ppm, an ethoxy absorption at 
l.O(t) and 4.0(q) ppm. and should contain only the doublet 
at about 3.0 ppm due to the two CH2 groups. 
Reaction I 
The solid material, after vacuum distillation of 
the excess dimethyldichlorosilane consisted of a brownish 
black mixture with a few visible crystals. When this 
material was heated in a melting point capillary a yellow 
oily liquid condensed in the upper part of the capillary. 
The remaining material decomposed into an entirely black 
solid at temperatures over 250°C. Some of the yellow oil 
was collected and placed in a melting point capillary. 
It decomposed to a brownish liquid at temperatures over 
220°C. No boiling point was observed up to 360°C. A 
part of the solid reaction mixture was dissolved in 
pyridine. Its NMR spectrum (Fig. 3) lacks the necessary 
absorptions from 1.5 to 3.5 ppm. The NMR of the yellow 
oil (Fig. 4) shows a doublet at 3.0 ppm. The light tan 
part of the reaction mixture shows no NMR spectrum (Fig. 5) 
12 
possibly because· of its low solubility in anything but 
, 
alcohols, whose OH group absorption interfers with the 
. important region. The black gummy part of the reaction 
mixture containing a few crystals show several NMR peaks 
(Fig. 6) between 1.5 and 3.5 ppm. At this time it was 
- -- thought best to attempt to separate the mixture so as 
to obtain a better spectrum. By using a silica gel thin 
layer plate and a solvent mixture of 5 drops of ether in 
1 ml of benzene the reaction mixture was separable into 
4 or 5 components. A column composed of two inches of 
alumina was then used to separate the mixture. A sample 
of the reaction mixtures was mixed with petroleum ether 
and added to the column. The material eluted with the 
petroleum ether. Upon evaporation of the petroleum ether 
there was a clear high viscosity liquid. Its NMR..(Fig. 7) 
, 
showed that it was mainly a silicone compound. The IR 
(Figs. 8,9) shows mainly silicone absorption SiCH3, C-0-Si 
and SiC at 1260, 1020-1090 and 800 cm-1 little else is 
seen. The mass spectrum indicates a ,,polymeric material 
(Figs.10,11,12). The peak at 281 m;e indicates a cyclic 
-- --·- _ methysilicone. The second material eluted, using ether, 
was a· light yellow liquid. Its NMR (Fig. 13) shows mostly 
silyl methyls, but there are other absorptions from 1.0 
13 
to 4.0 ppm. The IR (Figs. 14,15) show an absorption at 
1720 cm-1 due either to a conjugated ester or a non- 
conjugated ketone. An absorption at 1660 cm-1 possibly 
due to a conjugated ketonic carbonyl and an absorption 
~t 1620 cm-1 possibly due to a carbon-carbon double bond 
with its position shifted by conjugation and by substitu- 
tion with an electronegative siloxy group. The normal 
silyl absorptions are present. The mass spectrographs 
(Figs. 16, 17, 18) also indicate a polymer which is 
fragmenting into m;e units of 69 each of which is divided 
into 5 parts with m/e of 13 to.16. The compound could be 
a mixture of ester 0-silylated and keto-0-silylated poly- 
mer chain with the monomer unit. 
I 
Cto Qo ,o s,(c."J)~ 
'\ c 
~ 'oct 
(~c~s; o 0 
\ 
where the C-0-Si bonds have broken yielding 
The third material eluted, using a mixture of 5 drops of 
ether in 1 ml of benzene, was a darker yellow liquid with 
some solid material. Its NMR (Fig. 19, 20) was very 
14 
poo~ly resolved, indicating poor solubility or the exis- 
tance of polymeric material. Its IR (Figs. 21., 22) is 
similar to the second material eluted. 
The fourth material eluted with benzene was a brown 
solid. It was not soluble in any.of the common NMR 
solvents such as o2o, D-chloroform, cc14, cs2, acetone- 
d6, benzene or pyridine. The material was soluble in 
MeOH but a clearly resolved NMR could not be obtained. 
The IR spectrum (Figs. 23, 24) has an absorption peak at 
3100-3700 cm-1 indicating enol hydrogen bonding. The 
spectrum otherwise is similar to the second eludate (Figs. 
14, 15). 
The fifth material, eluted with MeOH, was a darker 
brown material. Again, the NMR was not rmi because of 
solubility. The IR (Figs. 25, 26) shows strong OH absorp- ,. 
tion due to enol hydrogen bonding. The carbonyl absorp- 
tions have all but disappeared and a new absorption at 
1570 cm-1, possibly due to an ionized carboxyl ion, has 
appeared. 
Four materials appear to be present; 
-1.- a_clear high viscosity liquid 
2 - a light yellow liquid 
·. 3 - a light brown solid 
15 
' 4 - a dark brown to black solid. 
J.n NMR of the excess dimethyldichlorosilane which 
was vacuum distilled from the reaction mixture (Figs. 27, 
28) shows many interesting peaks in the region from 1.5 
3.4 ppm. It was decided to distill off the dimethyl- 
dichlorosilane to determine what would be left. An NMR 
of the material left in the flask after the distillation 
(Fig. 29) showed very promising peaks from 1.6 - 3.6 ppm. 
The IR (Figs. 30, 31.) shows strong ester or keto absorption 
possibly both. All the necessary absorptions are present. 
A sample of this material was separated in a VPC using a 
SE-30, 6 ft. column, with a flame ionization detector. 
The presence of 15 to 20 peaks was observed. It was 
decided to attempt to separate only the 6 most intense 
peaks using an Aerograph 1520 vapor phase chromatograph~; 
A 3/8 in. - 3 ft., 30% SE-30 on 30-60 Chromosorb W column 
was used. The injection port was 255°C and the detector 
(hot wire} was 285°C. The six peaks collected are shown 
in (Figs. 32, 33). 
The first peak is the only one of the six which shows 
anything but silymethyls. Its NMR (Fig. 34) shows two 
types of silylmethyl groups. Possibly both ester and 
16 
heto-0-silylation has occurred but the absence of any 
peaks between 1.6 and 3.4 ppm indicates the absence of 
~ 
methylene groups. The absence of ester or keto absorp- 
tion in the IR (Figs. 35, 36) also indicates 0-silylation 
or the absence of ester and keto group from the compound 
separated. The absence of carbon-carbon multiple bond 
absorption indicates the absence of 0-silylation. Based 
on these observations, the compound could possibly be 
Me2s1 (0Et)2 or Me2s1cl (OEt) or a mixture of both. 
The mm's of the remaining five separations (Figs. 
37, 38, 39, 40, 41) show only silylmethyl group absorp- 
tions and the IR's were not run. 
Reaction II 
The total reaction mixture had the same appearance 
as that in the first reaction. A sample of the reaction~ 
mixture was dissolved in pyridine. Its NMR (Figs. 42, 
43) is interesting in the 1.5 to 3.5 region. The black 
material with the crystals was dissolved in pyridine. 
t/. 
Its NMR (Figs. 44, 45) also contains peaks around 3.2 ppm 
which could be the product. The excess DMDCS was vacuum 
distilled at room temperature instead of using heat as in 
Reaction I. The resulting solid was not as dry as in 
Reaction I but some of the interesting NMR peaks have 
17 
remained in the solid mixture. The mass spect. (Figs. 46, 
47) fails to show anything around an m/e of 312 but this 
is not unexpected based on the ease of fragmentation of 
the molecular ion. The vacuum distilled material shows 
much absorption from 1.5 to 3.5 ppµi. (Figs. 48, 49) The 
vacuum distilled material was allowed to evaporate with 
a very slow flow of N2. The material left was a clear 
oily liquid. Its NMR (Fig. 50) shows the loss of nearly 
everything but methyl silyl groups. 
Reaction III 
The total reaction mixture was a tan solid, no black 
material had formed. Its NMR in pyridine (Fig. 51) taken 
immediately after the addition of TMCS showed two peaks 
at 1. to 1.5 ppm. After reacting for 1 hr. the NMR (Fig. 
52) showed the same spectrmn. The mass spect. (Figs. 53,' 
54) shows the lack of polymer formation and the m;e peaks 
at 207 and 281 indicates the material has cyclic siloxanes 
present (Fig. 1-c). It was decided to rerun this reaction 
using benzene as a solvent to obtain oetter mixing and to 
try to keep the reaction cool. 
Reaction IV 
The total reaction mixture was again a tan solid, 
again without any black material or visible crystals. The 
1- 
1R 
tan material, when heated in a melting point capillary, 
gave off a yellow liquid which condensed in the upper 
part of the capillary as in Reaction I. The solid as in 
0 Reaction I decomposed at temp. over 220 C instead of 
melting. An NMR spectrum in pyridine (~ig. 55) shows 
only a single peak between 1.5 and 3.5 ppm. The mass 
spect. (Figs. 56, 57) shows a molecular ion at m;e of 
256. This is not very meaningful based on past mass 
spect. results. The yellow oil was extracted from the 
reaction mixture with cc14• Upon evaporation of the cc14 
the material left was a yellow-solid with a melting point 
of 112°C. The NMR (Fig. 58) shows a new peak at~ll.8 ppm 
characteristic of keto enol with hydrogen bonding. The 
IR (Figs. 59, 60) shows ester and keto absorption with 
, 
greatly reduced silicon absorptions. The mass spect. 
(Figs. 61, 62) again shows the molecular ion at 256 m/e. 
The solid left after cc14 extraction shows an uninteresting 
NMR (Fig. 63). The mass spect. (Figs. 64, 65) shows very 
little of anything. .. 
The material which was extracted with cc14 was frac- 
tionally distilled to see if components could be separated. 
The ·first fraction (76.C) shows only methyl silyl group 
absorption in the NMR (Fig. 66). The IR (Figs. 67, 68) 
19 
shO.Ws very little, possibly due to volatility of sample 
in- pr:paring a thin film. The second fraction (77-95°C) 
shows only silicone absorption. The third fraction {95- 
lOOeC) shows an NMR. (Fig. 72) similar to that obtained 
with the first ypc peak in Reaction I. The IR was not 
obtained due to volatility of sample. 
The material remaining in the flask was a brown solid. 
The NMR (Fig. 73) also had a peak at about 12 ppm. and 
a single peak at 3 ppm. The IR (Figs. 74, 75) shows the 
absence typical silicone absorptions. 
The vacuum distilled material from the reaction mix- 
ture shows two small peaks at around 2.5 ppm in the NMR 
(Fig. 76). The IR shows two new peaks at 1815 and 1960 
cm-1 (Figs. 77, 78). Upon distilling off the excess TMCS 
and most of the benzene, the NMR (Fig. 79) shows little ~ 
difference from (Fig. 76). The IR (Figs. 80, 81) shows 
the loss of the two new peaks. 
Conclusions: •' 
The reaction of dimethyldichlorosilane with the 
dianion IV yields a solid reaction mixture composed of a 
tan material with many black gummy pieces which have a 
20 
few.clear crystals imbedded in them. Separation of these 
ma~erials yields; 
1 - a clear high viscosity silicone 
2 - a light yellow oily liquid, polymeric in 
structure 
3 - a tan solid also polymeric 
4 - a dark brown solid. 
None of the materials appear to be the compolll'l.d of 
interest. 
The excess dimethyldichlorosilane which was vacuum 
distilled from the solid reaction mixture contained other 
materials which showed absorptions of interest. Separation 
of the major components yielded only one which was composed 
of anything but silicone and this was probably a mixture 
of (CH3)2 Si(OEt)2 and (CH3)2 SiCl (OEt). None of the 
separated components showed the absorptions of interest 
that were seen in the entire mixture. 
If the bicyclostructure was formed in the reaction, 
its yield was very low. 
The reaction with trimethylchlorosilane was run 
mainly to prevent the formation of polymers, thereby per- 
mitting easier identification of produ~ts. 
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